Background: Reliable diagnostic measures for the evaluation of left ventricular systolic performance in the setting of altered myocardial loading characteristics in sickle cell anaemia remains unresolved. Objective: The study was designed to assess left ventricular systolic function in adult sickle cell patients using non-invasive endsystolic stress -end-systolic volume index ratio. Methods: A descriptive cross sectional comparative study was done using 52 patients recruited at the adult sickle cell anaemia clinic of the University of Nigeria Teaching Hospital Enugu. An equal number of age and sex-matched healthy volunteers served as controls. All the participants had haematocrit estimation, haemoglobin electrophoresis, as well as echocardiographic evaluation. Result: The mean age of the patients and controls were 23.93 ± 5.28 (range 18-42) and 24.17 ± 4.39 (range 19 -42) years respectively, (t = 0.262; p= .794). No significant difference was seen in estimate of fractional shortening, and ejection fraction. The cardiac out-put, cardiac index and velocity of circumferential shortening were all significantly increased in the cases compared with the controls. The end systolic stress -end systolic volume index ratio (ESS/ESVI) was significantly lower in cases than controls. There were strong positive correlation between the ejection phase indices (ejection fraction and fractional shortening) and end systolic stress and ESS/ESVI.
Introduction
Ejection phase indices have been used commonly as measures of left ventricular systolic function 1, 2 . These measures are highly dependent on and influenced by myocardial loading conditions as well as heart rate, both of which are abnormal in sickle cell anaemia 3, 4 . Use of these indices of systolic function in this population may explain the broad spectrum of results and apparent inconsistencies documented in the literature 5, 6, 7, 8, 9 .
A number of studies have examined the use of the end systolic force-length relationship to characterize myocardial contractility 10, 11, 12 . This relationship can be plotted using LV end-systolic pressure or wall stress as the force measurement and end-systolic LV volume, circumference or diameter as the length measurement. When force is expressed as wall stress, the myocardial after-load and contractile state can be readily compared in ventricles of different sizes and wall thicknesses, because these variables are included in the stress calculation. These indices of myocardial performance which are independent of loading conditions have been shown to be more sensitive in the evaluation of left ventricular systolic function in sickle cell anaemia 4,10 .
Although sickle cell anaemia is the commonest haemoglobinopathy in sub-Saharan Africa, and is associated with increased cardiac morbidity, descriptive data on end systolic stress in normal and abnormal left ventricles are limited 13 . Therefore, the present study was designed to provide an assessment of left ventricular systolic function in adult sickle cell patients using non-invasive end-systolic stress-end systolic volume index ratio and to compare this value with simultaneous measurement of ejection phase indices.
Methods
From February 2004 to July 2005, a descriptive cross sectional case-control study was done using 52 cases recruited at the adult sickle cell anaemia clinic of the University of Nigeria Teaching Hospital Enugu, Nigeria. The inclusion criteria for the cases included; haemoglobin genotype SS on haemoglobin electrophoresis, age > 18 years, absence of any form of crises in the preceding four weeks informed consent to participate in the study, and clinic visit within the 18 months period of study. All the cases who met the inclusion criteria were recruited.
An equal number of age and sex matched healthy volunteers served as controls. The eligibility criteria for the controls were: HbAA genotype, absence of congenital or acquired heart disease, consent to participate in the study, absence of pregnancy and/or inter-current illness, haematocrit level greater than 30%. All the participants had haematocrit estimation, haemoglobin electrophoresis, as well as echocardiographic evaluation using Hewlett Packard Sonos2000 echocardiography machine with 3.7 MHz transducer. Systemic blood pressure was measured with an Accoson Mercury sphygmomanometer on the right arm, with the subjects in sitting positions, and the average of 3 readings used. The following measurements were taken in the standard positions as recommended by the American Society of Echocardiography 14, 15 . Aortic root diameter (Ao), left atrial dimension (LAD), left ventricular end diastolic diameter (LVEDD), left ventricular end systolic diameter (LVESD), right ventricular dimensions (RVD), septal wall thickness (SWT), posterior wall thickness (PWT) were measured with M-mode. Fractional shortening (FS) (determined by EDD-ESD/EDD), left ventricular mass (LVM) using the standard convention, and left ventricular mass index (LVMI) (derived by dividing LVM by body surface area) were derived from the M-mode measurements. End diastolic volume, and end systolic volume using the modified Simpson's method, stroke volume, end systolic volume index (ESVI)(derived by dividing end systolic volume by body surface area), cardiac output, cardiac index, ejection fraction, were derived from 2-dimensional B-mode imaging. Anterior mitral valve E-point to septal separation (ES) and EF slope were also measured.
Left Ventricular wall stress (Left ventricular end-systolic stress LVESS) was determined using the angiographically Validated method of Grossman and co-workers; (0.334 PxLVID/PWT [1 + PWT/LVID]). The value is expressed in kdyn.cm -2 , where P = the left ventricular systolic pressure, LVID = LV diameter in systole and PWT = LV posterior wall thickness in systole 16 . The mean arterial systolic blood pressure was used as the left ventricular systolic pressure, while the mean arterial blood pressure was calculated with the formula MAP = DBP + 1/3 PP 17 ; where MAP=mean arterial blood pressure, DBP=diastolic blood pressure, and PP=pulse pressure. The total systemic resistance index was calculated as the ratio of mean arterial blood pressure and cardiac index 7 and is expressed as dynes.sec. cm -5 .m 2
Data analysis
Data is presented as means ± standard deviation for continuous variables and as proportions for categorical variables. Comparison of continuous variables between the sickle cell disease patients group and the control group were made with independent Student's t-test. For discrete variables distribution between groups were compared with Chi-square test and Fishers exact test as appropriate (where an expected cell is less than 5). Multivariate Pearson's correlation analysis was used to examine the relationship between measures of systolic function and clinical and echocardiographic variables. The relationship was subsequently evaluated by means of scatter-plots and regression models. All statistical analyses were carried out using the Statistical Packages for Social Sciences (SPSS Inc. Chicago Illinois) software version 11.0 and EPi-Info version 3.4. Statistical tests with probability values less than 0.05 were considered statistically significant.
Results
The mean age of the patients and controls were 23.93 ± 5.28 (range 18-42) and 24.17 ± 4.39 (range 19 -42) years respectively (Table 1 ). There were no statistically significant age and gender differences in patients and controls. The haematocrit, pulse and blood pressure indices are summarized in table 2.
Significant findings in the patients were higher pulse rate, lower diastolic blood pressure, lower mean arterial blood pressure and increased pulse pressure. The various indices of left ventricular systolic function are compared in table 3. No significant difference was seen in estimate of fractional shortening, and ejection fraction. The cardiac out-put, cardiac index and velocity of circumferential shortening were all significantly increased in the patients compared with the controls. The end systolic stress end systolic volume index ratio (ESS/ESVI) was significantly lower in patients than controls; (1.68 ± 0.23 and 2.38 ± 0.18 respectively, t= 2.389; p=.019). The total systemic resistance index was also significantly lower in the patients, (22.68 ± 8.02; 46.20±12.92, t=11.212, p= <.001).
Multivariate correlation analysis revealed strong positive correlation between the ejection phase indices (ejection fraction and fractional shortening) and end systolic stress and ESS/ESVI (tables 4 and 5). Key: **statistically significant <.01, *significant <.05, ESS= left ventricular end systolic stress, ESVI= left ventricular end systolic volume index, LVMI= left ventricular mass index. AOVMAX = peak aortic systolic velocity, VCS= velocity of circumferential shortening, MAP=mean arterial pressure, SBP=systolic blood pressure, DBP=diastolic blood pressure, BSA=body surface area. This relationship was further evaluated by means of scatter plots and subsequently by regression analysis. The suitability of various regression models for explanation of variations in the dependable variables were examined using ANOVA, while the strength of the relationship was determined by the parameter estimates and model sum-mary report (table 6) . The relevant regression models are summarized in table 5 and the actual plots presented in figures 1-4. Regular linear models seem to explain the relationship between ESS/ESVI and ejection phase indices in sickle cell anaemia patients (Figures 1 and 3) . The relationship in the controls were less predictable and irregular (table 5, Figures 2 and 4) .
Discussion
The evaluation of left ventricular systolic function in sickle cell anaemia has yielded inconsistent results, probably due to the differences in patient's selection criteria and the indices of systolic function employed in the studies. Ejection phase indices are commonly used as measures of left ventricular systolic function. However, it has been observed that alterations in the loading characteristics of the heart in patients with chronic anaemia affect the ejection performance of the heart 4,5 .
Using ejection phase indices as measures of systolic function, this study did not demonstrate any significant difference in ejection fraction, fractional shortening and velocity of circumferential shortening between cases and controls. This is in keeping with findings from previous studies 7,8 . Adebiyi et al 7 found no significant difference in the left ventricular systolic function at rest between sickle cell patients and controls using ejection phase indices. The cases were aged 16years and above, but their mean age was not specified. Similarly, Covitz et al 8 found normal left ventricular systolic function in stable sickle cell anaemia patients as indicated by normal fractional shortening, and systolic time intervals.
In contrast to the above findings, some researchers reported abnormal left ventricular function in sickle cell patients. Left ventricular performance determined by echocardiography in 44 black children with sickle cell anaemia and a control group of 28 normal black children of comparable age by Rees et al 5 revealed statistically significant differences between the children with sickle cell anaemia and the normal group in left ventricular ejection fraction, cardiac index, mean circumferential fiber shortening velocity, and the percentage of shortening of left ventricular minor axis dimension. These findings consistent with left ventricular systolic function have been corroborated by the report of Balfour and colleagues 6 who also observed that left ventricular function became increasingly abnormal with age, suggesting that left ventricular function deteriorated with time. It is worth noting that most of the studies reporting abnormal systolic function in sickle cell patients were conducted in children whereas most of adult studies reported normal systolic function. The conflicting results of these studies have been attrib-uted to different selection factors in the study groups, an improvement in left ventricular function with age or a high mortality among children with abnormal left ventricular function so that such patients do not appear in adult samples.
However, the validity of using ejection phase indices as indicators of left ventricular function under the altered loading condition in chronic anaemia has been challenged 4 . Using the end systolic stress-dimension relationship as an index of contractile function independent of loading pressures, this study demonstrated a statistically significant reduction in the end systolic stress-end systolic dimension ratio index in sickle cell patients compared with controls. This finding is consistent with systolic dysfunction. End systolic wall stress (ESWS) is an important determinant of ventricular shortening, and reduction in wall stress facilitates ventricular emptying 10 . Ejection fraction is affected by changes in preload and afterload. End systolic volume is relatively independent of preload and varies linearly with afterload 11,12 . A higher ESWS/ ESVI ratio would indicate relatively greater left ventricular shortening at a given after-load, and a lower ESWS/ ESVI would indicate less shortening for a given after-load and thus relatively poorer left ventricular function.
Adebiyi et al 7 , in a study in Ibadan, Nigeria on thirty sickle cell patients (aged > 16 years) using similar indices, observed that the end systolic stress-end systolic dimension ratio although lower in sickle cell patients was not significantly different from that of the controls. This discrepancy could be explained by the smaller sample size and the relatively younger patients in the latter study, especially in the light of the findings by this study of a negative correlation between the pressure indices of systolic function and age.
The unreliability of ejection phase indices in the determination of left ventricular function in patients with sickle cell anaemia is due to their inability to accurately quantify the relative contribution of each of the variables that affect left ventricular pump function. These variables include; myocardial contractile state, end-diastolic myocardial length, afterload and LV myocardial mass 11 . In sickle cell anaemia, preload is increased due to left ventricular hypertrophy and cardiac chamber enlargement second-ary to chronic anaemia and hyper-dynamic circulation 18 . The after-load is reduced due to decrease in peripheral resistance and increased heart rate. These changes tend to normalize ejection phase indices, even in the presence of left ventricular dysfunction 4 . In our study, the role of the preload and after load variables appear to be quite remarkable in view of the findings of reduced total systemic resistance index, higher heart rate, and elevated left ventricular mass and left ventricular dimensions. Regression plot of the ESS/ESVI and ejection phase indices indicated strong linear relationship in sickle cell patients, a feature that was not evident in the controls. This observation indicates the discriminatory value of the pressure indices of systolic function in the evaluation of patients with altered loading conditions as seen in sickle cell anaemia, rather than in the generality of patients.
The ESS/ESVI ratio has been shown to be more sensitive than ejection fraction or other hemodynamic variables in predicting surgical outcome in symptomatic patients with chronic mitral regurgitation 12 .
In spite of its accuracy in assessing systolic function, the use of ESS/ESVI is challenged by some limitations. A major challenge to the application of this measure is the lack of data on the acceptable normal range and cut-off values for diagnosis of left ventricular systolic dysfunction. Secondly, the ESS/ESVI is subject to a wide range of fluctuations in response to changes in sympathetic drive.
Conclusion
The findings suggest the presence left ventricular systolic dysfunction in adult sickle cell anaemia. This is best detected using the loading-pressures independent forcelength relationship expressed in ESS/ESVI ratio.
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